plums are widely known to be high in naturally occurring fiber (about 7.5%). Less known, is the high percent of naturally occurring sorbitol, a sugar alcohol (about 15%, the highest of any food), a natural humectant; and malic acid (about 2%) a natural flavor potentiator that improves food flavor perception. Dried plums were shown to have the highest total antioxidant power of 22 of the most commonly eaten fruits and vegetables. The addition of dried plums (4-5%) in baked goods replaces fat and adds to shelf life through moisture retention and mold inhibition. Dried plums have also been shown to suppress the growth of various pathogens found in meats (about 3% of the raw meat block) including Salmonella typhimurium, Listeria monocytogenes, Escherichia coli O157:H7, Yersinia enterocolitica, and Staphylococcus. Dried plums were shown to be effective in reducing oxidative rancidity in pre-cooked sausage products when compared with BHA and BHT. Thus, dried plums can serve as a natural ingredient to prolong the shelf life and improve the safety and eating quality of various bakery and meat products in the difficult environment of space travel. Dried plums have also been shown to improve the indices of bone formation in postmenopausal women. Bone loss following extended periods of weightlessness is an important concern facing astronauts. This growing body of dried plum research continues to underscore the multi-functional benefits food processors can achieve when adding dried plums to a wide range processed foods prepared for space travel.
FOOD AND SPACE TRAVEL
Space travel has increased the challenges of developing, manufacturing, transporting and consuming food.
While these challenges are constantly being addressed by food processors for earth-bound consumption, the unique environment and conditions of space serves to magnify them. Further complicating the feeding of astronauts in space are the nutrition and sensory requirements. Foods must be eaten and enjoyed and they must modulate the negative physical effects of microgravity and reduced gravity including changes in astronaut taste perception and bone loss. Further enhancing foods prepared for space is the desired use of natural ingredients whenever possible.
Dried plums have been shown to contain a number of natural components that directly address many of the problems associated with food production for space and the nutritional needs of astronauts. As a multifunctional ingredient, dried plums can improve the nutrition and safety of foods in space, control water activity, increase shelf life and reduce the effects of lipid oxidation in meats. Dried plums can also reduce the fat and sugar content of baked goods as well as increase bakery shelf life.
DRIED PLUMS NATURAL COMPONENTS
Dried plums are widely known to provide dietary fiber, both soluble and insoluble. Less known, are many additional natural components that in combination create a unique fruit system that enhances the eating qualities, shelf life, nutrition, and the microbial safety of foods. These include--• 7.5% fiber--attracts moisture in meat and bakery products.
• 15% sorbitol--holds moisture in prepared meats and baked goods, particularly when precooked and re-heated.
• 1.5% malic acid--rounds out and potentiates flavors as well as contributes to food preservation.
• Antioxidants--inhibit the growth of many common meat pathogens, extend shelf life and reduce the effects of lipid oxidation or warmed-over flavor in pre-cooked meats. 
DRIED PLUMS--A RICH SOURCE OF ANTIOXIDANTS

DRIED PLUMS IMPROVE MOISTURE
The International Space Station foods will potentially move away from freeze dried foods to more dehydrated foods, since water must be delivered to the station. The shuttle fuel cells make water so almost all the foods are dehydrated to save weight and mass. Thus moisture retention is an important issue.
Meat Products
Meat products, particularly lean, low-fat versions and extensively processed meats often become dry when thermalized and re-thermalized. Because of the abuse of double heating, favorable sensory characteristics can be reduced or lost leaving consumers dissatisfied. The addition of as little as 3% dried plums to the raw meat block can help retain and control moisture. Dried plums' fiber and sorbitol attract and hold meat moisture resulting in the final product being more moist and juicy.
Baked Goods
Dried plums are also an effective bakery humectant. This is due to the combination of fiber (half of which is soluble), sorbitol and other reducing sugars (glucose and fructose) that retain and then hold moisture.
Dried plums are unique among natural humectants due to the presence of this high level of naturally occurring sorbitol. Thus, dried plums can be effectively used in place of sorbitol or other sugar alcohols while maintaining a "natural" formulation. While sorbitol is an effective humectant, it is only 60% as sweet as sucrose. As the sorbitol in dried plums is not readily fermentable, unlike honey or high fructose corn syrup, it remains largely as a humectant in yeast-leavened baked goods.
A common complaint in dual-textured cookies is the excessive sweetness of the soft inner portion. Honey, raisin juice concentrate, invert sugar and high conversion corn syrups all rely upon their sweet reducing sugar content to lower water activity. Dried plums, however, can be used at higher levels to produce a chewy texture and low water activity while maintaining the desired sweetness.
DRIED PLUMS CONTRIBUTE TO MEAT SAFETY
Food safety is very important to NASA. To their knowledge, in the history of the space program there has never been a case of food infection or intoxication in space. Research conducted at Kansas State University discovered that the addition of dried plum mixtures can control foodborne pathogens in uncooked meat products. All inoculated pathogens in ground beef decreased by 1-2 log CFU/g and decreased in total aerobic count, Escherichia coli O157:H7, Listeria monocytogenes, Y.
(See appendix #1)
DRIED PLUMS IMPROVE FLAVOR
The rule is, if the astronauts won't eat it, then what good is it. Astronauts get all their nutrients from food. Thus, food flavor is very important to astronauts.
Meat Products
For space travel all meat products are pre-cooked then thermostablized, freeze dried or irradiated with 44 KGy while frozen.
Lipid oxidation (rancidity) is a major cause of deterioration in the quality of further processed meat and poultry products, and can be accelerated by several factors such as less saturation, oxygen, heat, UV light, metal ions (e.g., iron), salt, and oxidative enzymes. Oxidation of lipids not only produces rancid flavors in foods, but also can decrease their nutritional quality and safety by formation of secondary products after cooking and processing.
Lipid oxidation results when double bonds in unsaturated fatty acids react with molecular oxygen via a series of free radical chain reactions to produce breakdown products such as short chain acids (e.g., butyric, propionic, aldehydes and ketones). These compounds contribute to the 'warmed-over flavor' (WOF) found in many meat/poultry products, especially those that have been pre-cooked, frozen and re-heated. Products with higher fat content and/or more unsaturated fatty acids (e.g., sausages, commercial grade ground beef, and poultry products) are particularly affected.
Research at Texas A&M University discovered that dried plum puree used at 3 and 6% levels was as effective as synthetic antioxidants butylated hydroxyanisol (BHA) and butylated hydroxytoluene (BHT) in retarding lipid oxidation of precooked pork sausage patties. Yersinia enterocolitica, and Staphylococcus aureus and in uncooked pork sausage of at least 0.5 log CFU/g. Any recontamination of cooked meat products can be further controlled by the preservative effect of these dried plum mixtures.
(See appendix #2)
Baked Goods
Dried plums contain about 1.5% malic acid. Even when present in small amounts, malic acid has been shown to be an effective flavor potentiator, particularly in reduced-fat baked goods. Malic acid coats the mouth during mastication, thus extending food flavor during the chewing process. This leads to improvements in sensory satisfaction while improving the nutritional content of the finished product.
DRIED PLUMS IMPROVE SHELF LIFE
The shelf life requirements for shuttle, International Space Station, and planetary outpost, Moon or Mars, is 9 months, 1 year, and 3-5 years, respectively. It is important that food not make crumbs or stale for microgravity.
Meat Products
Kansas State University conducted further research into the ability of dried plums to extend the shelf life of raw ground beef by suppressing the growth of normal flora found in ground beef. Dried plum mixtures were added at a 6% level for each of 7 different dried plum mixtures.
All fresh ground beef samples treated with dried plums showed virtually no flora growth over the entire 13-day period. When compared with the untreated control, differences with the samples containing dried plums began to appear after day 3. By day 13 there was on average, a 2 log difference (99%) between the untreated control samples and those treated with dried plum products.
(See appendix #3)
Baked Goods
In baked goods, dried plum purees, powders and juice concentrates provide a natural solution to maintaining moisture and inhibiting mold development. Dried plum powders can be easily incorporated into dry bakery mix systems using a simple all-purpose formula with endless possibilities for creative customization.
Dried plum juice concentrate appears to inhibit mold growth at 9.0 and 12.0% usage levels. At 9.0% addition, an additional 3 days of mold-free shelf life has been achieved, beyond that of a sucrose control. At 12.0% usage, this increased to 4-1/2 days, equal to the effect of calcium propionate. Of course, usage levels will depend on the specific formula and process in new product development. For typical yeast fresh baked goods, a starting usage level of 9.0% seems appropriate for mold inhibition purposes.
Dried plums are unique in their naturally high sorbitol content. Sorbitol is an effective humectant, and thus helps to keep bakery products soft and moist over an extended shelf life. The reducing sugars, fructose and glucose work with sorbitol to provide further humectancy.
DRIED PLUMS REDUCE/REPLACE FAT
Fats provide mouth feel to many food products. Often time because the foods are pre-cooked and low in fat, the mouth feel for space food is very poor. Thus, fat replacers may play a key role in improving the eating pleasure of space foods by astronauts.
Meat Products
The moisture binding properties of dried plums allow meat processors to use leaner cuts of red meats along with turkey and chicken to achieve less fat in the finished product. Fat is a principal carrier of moisture in meats. With the addition of dried plums, available moisture is retained during heating delivering a more acceptable product with less fat.
Baked Goods
Bakers use shortening for several reasons. Among the most important are air entrapment during the sugar/shortening or "creaming" stages and the maintenance of a tender and moist texture in the finished product. Dried plums contain a unique blend of both soluble and insoluble fiber which help to form a stable film around air and leavening gas during mixing and bench time to function in a manner similar to shortening.
Dried plums also contain a high level of naturally occurring sorbitol. Sorbitol is one of the most effective humectants known and thus helps to keep the finished product soft and moist over an extended shelf life.
Fat is a principal carrier of flavor in baked goods. Fat coats the inside of the mouth to maximize the flavor delivery of baked goods. Dried plums contain malic acid, which has been shown to be an effective flavor enhancer. Malic acid is released more slowly than other organic acids and thus has a greater flavor carry-through during the chewing process. Additionally, malic acid helps to inhibit microbial spoilage and can also serve as the natural acid component in chemical leavening systems.
Thus, it is possible to replace a portion of the butter, shortening or oil in bakery formulas using dried plums with little or no noticeable change in the sensory characteristics of the end product. With proper fine-tuning, reduced-fat baked goods using dried plums are actually preferred over fullfat alternatives.
DRIED PLUMS REDUCE CALORIES
Dried plums contain 2.57 calories per gram. Shortening, on-the-other-hand contains 8.84 calories per gram. Replacing all or a portion of the shortening in a bakery formula not only reduces the fat content of the finished baked good but the calories as well.
For example, if 100% of the shortening in a bakery formula is replaced with dried plum puree, the calories are reduced 85%.
If 50% of the shortening is replaced with dried plum puree, the calories are reduced by 43%.
This calorie replacement is possible due to dried plums' high sugar content, i.e., over half the composition of dried plum puree is a combination of reducing sugars and sorbitol.
Not only are calories reduced, but dried plums can also help to reduce sodium levels by as much as 99% if all of the shortening is substituted with dried plum puree and 50% if half the shortening is substituted with dried plum puree.
Still further, when dried plum puree is used to replace shortening, other important nutrients such as calcium, iron, potassium, Vitamins A and C and niacin are supplied. For bakers seeking natural ingredients to satisfy consumer demand for nutritionally enhanced bakery products without any loss of flavor and other sensory characteristics, dried plums are a perfect solution.
DRIED PLUMS IMPROVE INDICES OF BONE FORMATION
Astronauts can lose 1.4 to 2% of their bone mass each month in microgravity.
Thus, counter measures are needed for International Space Station expedition crew and space exploration crew astronauts. Researchers at Oklahoma State University, Stillwater, OK have been conducting studies on the effects of certain foods and bone formation in postmenopausal women. Dried plums--a rich source of phenolic and flavonoid compounds, were initially shown to be highly effective in modulating bone mass in a rat model of osteoporosis related to ovarian hormonedeficiency.
A second Oklahoma State study conducted with postmenopausal women not on hormone replacement therapy, discovered that 100g (approximately 12 dried plums) of dried plums consumed daily increased serum levels of insulinlike growth factor-I (IGF-I) and bone-specific alkaline phosphatase (BSAP) activity. Higher levels of both serum IGF-I and BSAP are associated with greater rates of bone formation. The results suggest that dried plums may exert positive effects on bone in postmenopausal women.
These findings suggest that astronaut consumption of dried plums may help address the problems of bone loss suffered as a result of extended periods of weightlessness.
CONCLUSION
Dried plums can serve as a natural ingredient to prolong the shelf life and improve the safety, nutrition and eating quality of various foods processed for the difficult environment of space travel. The growing body of dried plum research continues to underscore the multi-functional benefits food processors can achieve when adding dried plums to a wide-range of processed foods for space travel. 
